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USE OF C YTOSKELETON MODIFYING COMPOUNDS AGAINST 
INTRACRANIAL PRESSURE CHANGES 



5 Cytoskeleton modifying compounds modulate water homeostasis in cells expressing 
aquaporin 4 water channels and thus offer the possibility of intervening in water shifts, 
edema formation and intracranial pressure rise during and after head trauma or ischemic 
episodes. 

10 Recent studies have indicated that water is actually transported over the plasma 
membrane of many cells through proteins, called aquaporines. A number of 
pathological conditions has been found to be associated with dysfunction of 
aquaporines (for a review see Nielsen 1995). Therefore we hypothesized that searching 
for small organic molecules interfering with aquaporine function may be helpful for a 

15 number of clinical indications. Traditionally the study of specific aquaporines has been 
performed in oocytes, injected with mRNA of certain aquaporines and measuring water 
and/or glycerol transport (see for instance Han et al, 1998.). This method although 
extremely precise and informative, however is quite labor-intensive and precludes the 
testing of many different drugs. Therefore we turned to the more useful methods of 

20 immortalized cell lines, in which volume changes could be measured by quantitative 
microscopic techniques. However, these cell lines might have a number of different 
aquaporines, compromising the search for AQP-specific modulators. Intracranial 
pressure rise is an important prognosis for the neurological outcome of patients 
suffering from head trauma or as a consequence of secondary brain ischemia. 

25 In the case of vasogenic edema, water shifts from the vascular bed into the fixed 

cranium increases the intracranial pressure, in the case of cytotoxic edema, loss of ion 
homeostasis leads to an increase in Naj, which is followed by water inflow into the 
astrocytic or neuronal compartment. In both cases water transport is mediated through 
so-called water channels or aquaporines. Therefore in theory, blocking water channel 

30 could inhibit the rise in intracranial pressure often seen in neurotrauma patients. 

Up to 8 different aquaporines have been discovered with a variety of tissue distribution. 
With regard to the pathology of intracranial pressure after brain trauma, AQP4 seem to 
be the best suited for this purpose (Nielsen et al. 1997), these water channels are located 
at the end-feet of astrocytic process, adjacent to the vascular bed. AQP4 are further 

35 found in lung and kidney tissue. In the absence of cells expressing a specific water 
channel we investigated human astrocytoma and human kidney cells. The purpose of 
this study was to develop a medium throughput screening system for detecting 
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inhibitors of water movement and to show that small organic molecules actually can 
block this membrane proteins. 

Cytoskeleton modifying compounds of particular interest are microtubule 
5 depolymerizing compounds and actin depolymerizing compounds. 

Microtubule depolymerizing compounds inhibit the assembly or formation of the 
microtubular system, a key component common to all cells which is built up from the 
protein tubulin. Well-known microtubule depolymerizing compounds are, for example, 
colchicine, vinca alkaloids, e.g. vincristine and vinblastine, rhizoxin, estramustine, 
10 nocodazole, erbuluzole, and tubulozole. An actin depolymerizing compound is for 
example cytochalasin D. 

The consequences of inhibiting microtubule and actin assembly are manifold. In the 
first place, the microtubule depolymerizng agents have a direct antimitotic effect on 
dividing cells because the mitotic spindle which is built up from microtubules cannot 

15 be formed in the presence of said inhibitors. Cell division is arrested after duplication 
of the chromosomes and multinuclear cells are formed which are less or not viable. 
Further, the microtubular system and actin represents a dynamic constituent of the 
cytoskeleton and inhibition of its assembly results in the partial disintegration of the 
subcellular organisation. Another consequence is that microtubule-dependent 

20 intracellular transport of vesicles and organelles is halted. This type of transport is 
important in nerve cells and explains, for example, the peripheral neurotoxicity of 
irreversible microtubule inhibitors such as the vinca alkaloids. An ideal microtubule 
inhibitor should act reversibly so that normal cells are only affected temporarily. 

25 Unexpectedly the screening for modulators of water homeostasis has led us to the 

finding that cytoskeleton modifying compounds such as nocodazole and cytochalasin D 
are able to reduce significantly and acutely the cellular swelling induced hypotonic 
media in HEK293 cells at relevant concentrations. 

30 Thus the present invention is concerned with the use of cytoskeleton modifying 

compounds for the manufacture of a medicament for treating or preventing water shifts, 
edema formation (vasogenic or cytotoxic) and intracranial pressure rise, especially 
those occurring during or after head trauma, ischaemia or stroke. 

35 Also water shifts, edema formation and intracranial pressure rise as a consequence of 
impaired readsorption of cerebrospinal fluid (hydrocephaly) may be treated or 
prevented according to the present invention. 
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The cytoskeleton modifying compound are selected from the group consisting of 
colchicine, the vinca alkaloids, e.g. vincristine and vinblastine, rhizoxin, estramustine, 
nocodazole, erbuluzole, tubulozole, and cytochalasin D. 

5 Alternatively expressed, the present invention concerns a method of managing water 
shifts, oedema formation (vasogenic or cytotoxic) and intracranial pressure rise 
comprising administering to the subject suffering from said conditions an effective 
amount of a cytoskeleton modifying compound. 

10 The method is especially useful for water shifts, edema formation and intracranial 
pressure rise occurring during or after head trauma, stroke or ischaemia. 

The method is also applicable when the water shifts, edema formation and intracranial 
pressure are a consequence of impaired readsorption of cerebrospinal fluid 
15 (hydrocephaly). 

In these methods, the cytoskeleton modifying compound is selected from the group 
consisting of colchicine, the vinca alkaloids, e.g. vincristine and vinblastine, rhizoxin, 
estramustine, nocodazole, erbuluzole, tubulozole, and cytochalasin D 

20 

The present invention also relates to a method of screening for compounds that 
modulate the swelling of cells expressing aquaporin 4 water channels wherein said 
method comprises the steps of : 

- exposing a cell expressing said aquaporin to a hypotonic aqueous solution in the 
25 absence of the candidate compound and measuring the amount of swelling; 

- exposing the same cell to a similar hypotonic aqueous solution in the presence of 
said candidate compound and measuring the amount of swelling; 

- comparing the results of the two measurements* and 

- classing said candidate compound as an inhibitor or as an enhancer of the swelling 
30 of cells expressing aquaporin 4 water channels, or as a compound that is inactive 

under the given test conditions. 

Preferably, said cells are exposed to an isotonic solution before being exposed to the 
hypotonic solutions and the amount of swelling in isotonic conditions is being 
35 measured. 

In case one wishes to measure the effect on the mercury insensitive AQP4 alone, the 
hypotonic aqueous solutions can comprise a mercury compound. 
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The present invention further provides a method of modulating water homeostasis in 
cells expressing aquaporin 4 water channels by treating them with an effective amount 
of a candidate compound classed as an inhibitor (thus blocking water movement) or as 
an enhancer (thus stimulating water movement) according to the aforementioned 
5 method. 

This method is particularly useful for blocking the water currents into astrocytes by 
treating said astrocytes with an effective blocking amount of an inhibitor. 

10 This method also serves to modulate water homeostasis in tissues or organs comprising 
cells expressing aquaporin 4 water channels by treating them with an effective amount 
of a candidate compound classed as an inhibitor or as an enhancer according to the 
aforementioned method. 

15 Experimental part 

Interestingly, AQP4, the mercury insensitive water channel is localized at the end-feet 
of astroglial processes close to the vascular bed and could play an important role in 
water shifts, edema formation and intracranial pressure rise during head trauma or 
ischemic episodes. Using RT-PCR we have shown that U373-MG human astrocytoma 

20 cells predominantly, but not exclusively express AQP-1 water channel and HEK293 
human kidney cells the AQP4 water channel. We have developed and optimized a 
simple, medium-throughput fluorescent microscopy based system to investigate the 
water movements induced by hypotonic solutions. We have found that compounds 
such as EDPA and nocodazole are able to reduce significantly the cellular swelling 

25 induced by low Na+ containing media in HEK293 cells. Using 96-well plate 

technology on AQP4 transfected cells, this system can in principle screen up to 1000 
compounds/week in order to find AQP4 inhibitors. The data suggest that it is possible 
to find small organic molecules which can block water transport through aquaporines 
and that AQP4 inhibition may represent probably a new mechanism of action to control 

30 intracranial pressure rise during brain ischemia or after head trauma. 

Cell culture 

HEK293 cells are cultivated in complete DMEM medium containing 10% FCS and 
5.8 mM L-glutamine, 5 mM pyruvate and 25 \iM gentamycine. 



35 



Isotonic & Hypotonic buffers 

The following compounds are used for making up the appropriate buffers 
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Isotonic buffer 


Hypotonic buffer 


\T_ /-II 

NaCl 


125 mM 


50 mM 


KH2PO4 


1.2 mM 


1.2 mM 


MgCl 2 


1.2 mM 


1.2 mM 


HEPES 


10 mM 


10 mM 


Glutamine 


5.5 mM 


5.5 mM 


CaCl 2 


1.8 mM 


1.8 mM 


PH 


7.3 


7.3 



RTPCR 

HEK293 cells were harvested by trypsinization and centrifugation. 
Poly A + RNA was prepared using the FastTrack 2.0 kit (Invitrogen). 
5 400 ng of poly A + RNA was reverse transcribed using the Expand Reverse 
Transcriptase system (Boehringer Mannheim) with an oligo(dT)i 5 primer. 
Primers were developed for the specific amplification of each of the target genes. 
Primers were chosen in regions of low homology between the aquaporines. G3PDH 
(glyceraldehyde-3-phosphate dehydrogenase, a house-keeping gene) primers were used 
10 as positive controls to check the cDNA quality. Primers used and expected sizes of 
PCR products are as follows: 



Gene 


Forward primer 


Reverse primer 


Expected size 


AQP1 


AQP1-S1 


AQP1-AS1 


417 bp 


AQP2 


AQP2-S1 


AQP2-AS1 


465 bp 


AQP3 


AQP3-S1 


AQP3-AS1 


453 bp 


AQP4 


AQP4-S1 


AQP4-AS1 


499 bp 


AQP5 


AQP5-S1 


AQP5-AS1 


432 bp 


AQP6 


AQP6-S1 


AQP6-AS1 


453 bp 


G3PDH 


G3PDH-F 


G3PDH-R 


lkb 



1 fi\ of cDNA (total volume of cDNA obtained from 400 ng polyA + RNA is 20 /*1) was 
15 used in PCR reactions using each of the primer pairs. Kidney and brain cDNA 
(Clontech libraries) were used as positive controls on AQP amplification. 
Amplifications were done for 25 ,30 or 35 cycles (95°C-30" / 68°C-1'). 
10 ilI of the resulting PCR product was analyzed on a 1.2 % agarose/TAE gel. 
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Analvsis of fluorescence data 

Freshly trypsinised cells were loaded with 10 \xM calcein AM in poly-D-Lysine 
precoated 12-well plates and are put on the stage of a fluorescence microscope (type 
Axiovert Zeiss) with a FTTC filter (excitation around 480 run, emission above 520 nm), 
5 A Marzhauser scanning stage is used to scan n x n neatly aligned fields. Fluorescent 
images are captured by means of a Photonic Science camera system, the analog signal 
of which is directed and digitized in a SGI 02 workstation. On the full n x n image, an 
isodata threshold is applied to eliminate the background signal. The analysis is 
performed by calculating the number of objects both before and after the hypotonic 
10 solution and the total area of those fluorescent objects. If the number of objects differs 
more than 10% between the pre- and post-application, an individual matched cell by 
cell analysis is performed, If necessary, the coordinates and area of each individual 
object are calculated and stored in result files. A matched analysis on a cell by cell 
basis can then be applied. 

15 

Intracellular calcium levels assessed with Fura-2 ratio measurements 
To assess the intracellular calcium levels, HEK293 cells were loaded with the calcium 
indicator dye Fura-2 AM (Molecular Probes, Leiden, The Netherlands) as described 
previously (Dispersyn et al., 1998). Briefly, cells were loaded with 10 fiM Fura-2 AM 

20 (from a 1 mM stock solution in DMSO) for 30 min at 37°C in PBS (Dulbecco), 

containing 0.005% F127. Intracellular calcium was evaluated at RT, on the stage of a 
Zeiss Axiovert 35 microscope, with ratio measurements of Fura-2 emission (520 nm) 
excited alternately 340 nm and 380 nm through high-quality bandpass filters on a 
computer-driven sliding actuator. Emitted fluorescence was collected with an 

25 intensified CCD camera (Photonic Science). The video output was connected to the 
VINO analogue video input port of an Indy Workstation (Silicon Graphics, U.S.A.). 
The fluorescence intensity of each individual cell in the image in both wavelengths was 
calculated after segmentation by the SCEL-Image software (TNO, Delft, The 
Netherlands) and stored on disk. Ratio calculation was then performed off-line. 

30 

RESULTS 

RT PCR DETERMINATION OF AOUAPORINE TYPES 

Two independent experiments were done using two different batches of HEK293 cells. 
The highest expression levels consistently observed were for AQP2 and AQP4. As a 
35 positive control, expression of AQP4 is much higher in brain and seems very low in 
kidney, as expected On the other hand, AQP2 mRNA is as abundant in brain as in 
kidney. 
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AQP1 is expressed to a low level in HEK293 cells, and as expected the expression of 
AQP1 is higher in kidney cDNA compared to whole brain cDNA. 
AQP3 is expressed to an intermediate level in HEK293 cells. Expression in kidney 
seems much higher than in brain. 
5 In summary, looking at mRNA for the water channels AQP-1 to AQP4, in the HEK293 
human kidney cells the order is AQP4=AQP2>AQP3 . 

OPTIMAUSATION AND VAT T DATION OF ASSAY 

In order to determine what is the minimum number of matched cells to give an 

10 adequate estimation of the relative cell swelling, we analyzed the data on subsets of m x 
m fields (m<6) within the given 6x6 fields. Reducing the amount of images speeds up 
the image acquisition process, but significantly decreases the signal-to-noise ratio. 
Analysis of the changes over 12 experiments gives an increase in area of 9.7 ± 4.8 % 
(range 0.6-18.3) for the isotonic solution and 35.67 ± 8.08 % (range 26.1-56.4) for the 

15 hypotonic solution, when taking into account all 6x6 fields. 

When taking 4x4 fields, the results are respectively 8.17 ± 9.1 % (range -6 to 40) and 
27.1 ± 9.71 % (range 6.98-52.0). For 3x3 fields the results are 7.89 ±11.1% (range -7 
to 70.9) and 27.2 ± 12.9 % (range 0.26-71.7). 

Given an upper limit of about 10% for the variation, we can conclude that the minimum 
20 amount of aligned images necessary for obtaining reliable data is 16. 

In order to assess whether the fast analysis method yield reliable data compared to the 
more elaborate cell-matched based assay, several analyses have been performed using 
both methods on identical images. The results are shown in Table I and suggest that the 
difference is in the range between 5 and 10%. This means that it is not compulsory to 
25 use the more elaborate cell-by-cell matched analysis. 

TIME COURSE AND DOSE-DEPENDENCY OF CELLULAR SWELLING 
In order to optimize the parameters for accurate determination of cell swelling, different 
hypotonic solutions were applied in decreasing order of extracellular Na-concentration. 
30 Fig 1 illustrates the dose-dependency of the cellular response to the hypotonic solutions. 
Based on these data, a 50 mM Na-f hypotonic solution was used in further experiments 
as this gave a reasonable change in cell size. 

In a second series of experiments, the time-window in which images could be taken 
was determined by quantifying the time-dependent changes in cell area after application 
35 of the hypotonic solution. It is indeed known that cells can actually regulate their 

volume by means of reverse volume decrease. Fig 2 shows the time-dependent changes 
in cell area after application of the hypotonic solution. 
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NaVCa " EXCHANG ER IN HEK293 PET LS 

Because lowering of Na + C also triggers reverse activity of the Na'VCa** exchanger, i.e. 
creating an inward gradient of calcium ions, we investigated whether Ca^ levels 
5 increased upon treatment with hypotonic solution. In fact, this putative Ca++ influx 
could in principle have secondary effects on water movement, by means of the coupling 
between Ca+* and Na + in the NaVCa^ exchanger and between and Na + i in the Na/H 
exchanger. Fig 3 shows that the rise in Ca*^ is very limited, suggesting that the 
Na + /Ca + exchanger is only marginally active in these cells. 

10 

EXPERIMENTAL RESULTS WITH REFERENCE COMPOUNDS 
Table II shows the effect of a number of compounds on their propensity to inhibit 
hypotonic solution induced cellular swelling. Of particular interest is the observation 
that cytoskeleton modifying drugs (nocodazole and cytochalasin) have a significant 
15 protective effect on hypotonic solution induced cellular swelling. On the other hand, 
very lipophilic compounds such as flunarizine and R56865 do not have significant 
effect. However, the Na + /H* exchanger blocker EIPA moderately but dose- 
dependently blocks hypotonic solution induced cellular swelling. 

20 DISCUSSION 

Water influx into cells is secondary to a transmembrane shift of ions, particularly Na + 
ions (Donnan equilibrium). The influx of Na + may be caused by a variety of physiolo- 
gical and pathological processes, such as the activation of the Na*H Exchanger, the 
deficiency of the Na*K + ATP-ase or the activity of the Na+K+rGlutamate cotransport 

25 system. Irrespective of the deleterious effects of Na* rise, water flows down the 
osmotic gradient. Recent studies have led to the identification of aquaporines, 
transmembrane proteins which are optimally permeable for water. At this moment at 
least 8 water channels have been sequenced and cloned (Echevarria and Dlundain 
1998). A number of pathologies, associated with malfunction of these proteins have 

30 been described (for a review see King and Agre 1996, Beitz and Schultz, 1999). 

The HEK293 cells used in this example have different types of water channels. It is not 
possible to assess accurately relative expression levels in different cells based on these 
RT-PCR results, but in some cases it is possible to derive a tendency towards higher 
expression in one tissue or the other (especially if the intensity of PCR bands after 

35 different cycle numbers is compared to the G3PDH house-keeping gene). In 

accordance with literature data, AQP1 and AQP3 are expressed predominantly in the 
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kidney and AQP4 predominantly in the brain. AQP2 seems to be expressed in both 
tissues. For AQP5 and AQP6, the results are not inteipretable. 

The HEK293 cells has predominantly AQP-2 water channels in addition to a substantial 
level of AQP4 water channels. The other water channels, AQP1, AQP3, AQP5 and 
5 AQP6 are expressed to a much lower degree. 

The degree of hypotonicity (150 mosm) is relatively elevated, and does induce an area 
expansion of 40% only (corresponding to a volume increase of roughly 70%). This 
suggests that the endogenous density of water channels is low in these cell lines. An 
idea of the density of water channels can be assessed from the following reasoning. 

10 Starting from the formula J=P(c2-cl), where J is the flux of water molecules, cl,c2 the 
concentration of osmotically active molecules and P the permeability, assuming a cell 
with radius 10 jxm, and an increase in area of 40% over the first 5 minutes, we arrive at 
a P value of 4.8 1 p/sec. As a comparison, in oocytes, transfected with AQP4, 
P increases to 32 p/sec (Han et al. 1998). It is therefore to be expected that stably 

15 transfected HEK293 cells with a specific type of AQP will be much more sensitive to 
hypotonicity, that is they will start to swell at a much lower degree of hypotonicity (in 
this case at a 6-fold lower concentration gradient). 

The AQP4 water channel is predominantly targeted to the brain (Lu et al. 1996), 
although immunoreactivity has been documented also in skeletal muscle (Liu et al. 

20 1999) and in the basal membrane of parietal cells in the stomach ( Fujita et al, 1999. 
Ultrastructural evidence suggest that this water channel is found at the junction feet of 
astrocytes and endothelial cells, exactly the right location for the water transport giving 
rise to cytotoxic edema (Nielsen et al. 1997). This suggests that AQP4 specific 
inhibitors may be useful for treating increase of intracranial pressure rise after head 

25 trauma or secondary to ischemia (Vizuete et al. 1999). 

The conditions under which compounds are tested are such that they are only a limited 
time in contact with the cells (about 5-10 minutes), so elaborate downstream effects on 
intracellular pathways can probably be ruled out. This also suggests that EIPA, known 
as a specific inhibitor of the NaW exchanger at 10" 6 *!, directly interacts with the 

30 water channel at higher concentrations.. The protective effect of nocodazole and 
cytochalasin D is puzzling, as this compound has been shown to induce microtubule 
depolymerisation, albeit at slightly higher concentrations (10-30 pM). Whether the 
short incubation period observed here also has effects on the microtubule cytoskeleton 
of the HEK293 cells remains to be studied. Alternatively, association between water 

35 channels and the cytoskeleton may be reduced by nocodazole and cytochalasin D, in 
analogy with the observed inhibitory effect of 1 pM cytochalasin D on the Na + /Ca + 
exchanger (Reeves et al. 1996). For instance, taxol which is shown to stabilize 
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microtubules, has no inhibitory effect on the water transport in these cells. Intriguingly, 
the effect seems to flatten off at higher nocodazole concentrations. Whether this is due 
to a more specific effect on one particular type of water channel of just a general 
biological feature, is for the moment unknown and deserves further study. 
5 The data rise the intriguing suggestion that functional water channels need an intact 
cytoskeleton, assuring an optimal disposition of these membrane proteins. Intriguingly, 
recent studies have suggested that impaired routing of AQP-2 as a consequence of a 
clinical mutant in dominant nephrogenic diabetes insipidus may lead to significant 
impairment of AQP-function, pointing towards an interaction between AQP-2 and the 
10 cytoskeleton (Kamsteeg E et al. 1999). 

This report shows that measuring cellular swelling using fluorescence microscopy is 
feasible in living cells and small organic molecules can be found which inhibit cellular 
swelling.. 

15 LEGENDS 

Fig 1 Dose-dependent cell swelling of HEK293 cells after application of different 
degrees of hypotonicity. The data are mean and stdev of three independent 
experiments, each in triplicate. There is a clear dose-dependent cellular swelling, in 
function of decreasing Na + e concentration up to a hypotonic solution of 10 mM Na + e 

20 

Fig 2. Time-dependency of cell area after application of 125 mM normal and of 50 mM 
Na + e hypotonic solution in HEK293 cells. There is clear evidence of reverse volume 
decrease especially after 30 minutes. However, within the first 30 minutes the cell area 
remains quite constant. . A slight swelling (usually within 5-8% ) is observed in the 
25 control situation, i.e. applying isotonic solution. Data are means of three independent 
experiments. 

Fig 3. Effect of hypotonic solution on Ca^i levels in HEK293 cells, measured by Fura- 
2. Shown is the median response of 7 cells in the ratio of fura fluorescence, measured 
30 at 340 and 380 nm excitation respectively. At 40 min, a solution of 10 \M ionomycin 
was added to create an intracellular Ca^-overload, suggesting that under these 
conditions the fura-2 was able to read out Ca^-increase. It is clear that there is no 
dramatic increase in the ratio of Fura-2, suggesting that the NaVCa 4 * exchanger is 
either not present in these cells or not functional. This is a typical experiment out of 2. 

35 

Fig. 4 Dose-dependence inhibition by EIPA and nocodazole of cell swelling, induced in 
HEK293 cells by 50 mM hypotonic solution. Data are normalized to the absolute 
values of iso-osmotic and hypo-osmotic readouts of each individual experiment. The 
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figure is the compilation of all individual experiments (up to 10 experiments for the 
doses 1 and 10 mM, and 2 for the other doses). The effect of nocodazole is much more 
consistent and starts already at a concentration of 0.5 yM. Interestingly, there is a 
tendency for a flattening of the effect at higher concentrations. The reason for this is 
5 unknown. 

Table I. 

Comparison between the fast analysis method and the more elaborated cell-cell match 
based analysis. It is clear from the table, that the difference between the two methods is 
10 quite limited and that probably elaborate time-consuming data analysis is not necessary. 



[Na^mM 


Fast analysis 


Cell Matched analysis 


Difference (%) 


125 


2.27 


7.2 


-68% 


50 


32.9 


34.7 


-5.2% 


50 


31.4 


32.5 


-3.4% 


50 


37.2 


38.5 


-3.3% 


10 


53.2 


58.8 


-9.6% 



Table H 

Activity of certain compounds in the cellular swelling assay. 
15 HEK293 cells are exposed to 125 mM Na + (isotonic solution) and 50 mM Na* 

(hypotonic solution). In each 12- well plate all date are normalized to these two values 
by the following formula 

% vs. control = 100 * (% sw(50 + test) - % sw(125)) / (% sw (50) - % sw (125)) 

20 

where % sw (50) and % sw (125) are the area increases in hypotonic and isotonic 
solution respectively, whereas %sw (50+test) is the procentual increase in area in 
hypotonic solution in the presence of the test compound. Increases in area in isotonic 
solution are 8.77 ± 5.03 % (range -4 to 18%) and 35.3 ± 7.06 % (range 21.3 to 56.4 %) 
25 in hypotonic solution. The compounds with a statistical significant effect are indicated 
in bold. (* p<0.05 Dunnet's t-test) 
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Test compound 


Effect vs control & 10-5 M 


Fffert pfmtml (3) 10_fVM" 
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Claims 

1 . Use of cytoskeleton modifying compound for the manufacture of a medicament for 
treating or preventing water shifts, edema formation (vasogenic or cytotoxic) and 

5 intracranial pressure rise. 

2. Use according to claim 1 wherein the water shifts, edema formation and • 
intracranial pressure rise occur during or after head trauma, ischaemia or stroke. 

10 3. Use according to claim 1 wherein the water shifts, edema formation and 
intracranial pressure rise are a consequence of impaired readsorption of 
cerebrospinal fluid (hydrocephaly). 

4. Use according to claim 1 wherein the cytoskeleton modifying compound is selected 
15 from the group consisting of colchicine, the vinca alkaloids, e.g. vincristine and 

vinblastine, rhizoxin, estramustine, nocodazole, erbuluzole, tubulozole, and 
cytochalasin D. 

5. A method of managing water shifts, oedema formation (vasogenic or cytotoxic) 
20 and intracranial pressure rise comprising administering to the subject suffering 

from said conditions an effective amount of a cytoskeleton modifying compound. 



25 



6. The method of claim 5 wherein the water shifts, edema formation and intracranial 
pressure rise occurs during or after head trauma, stroke or ischaemia. 

7. The method of claim 5 wherein the water shifts, edema formation and intracranial 
pressure is a consequence of impaired readsorption of cerebrospinal fluid 
(hydrocephaly). 

30 8. The method of claim 5 wherein the cytoskeleton modifying compound is selected 
from the group consisting of colchicine, the vinca alkaloids, e.g. vincristine and 
vinblastine, rhizoxin, estramustine, nocodazole, erbuluzole, tubulozole, and 
cytochalasin. 

35 9. A method of screening for compounds that modulate the swelling of cells expressing 
aquaporin 4 water channels wherein said method comprises the steps of : 
- exposing a cell expressing said aquaporin to a hypotonic aqueous solution in the 
absence of the candidate compound and measuring the amount of swelling ; 
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- exposing the same cell to a similar hypotonic aqueous solution in the presence of 
said candidate compound and measuring the amount of swelling ; 

- comparing the results of the two measurements, and 

- classing said candidate compound as an inhibitor or as an enhancer of the 
swelling of cells expressing aquaporin 4 water channels, or as a compound that is 
inactive under the given test conditions. 

10. The method of claim 9 which also comprises the step of exposing said cell to an 
isotonic solution and measuring the amount of swelling. 

1 L The method of claim 9 wherein the hypotonic aqueous solutions comprise a 
mercury compound. 

12. A method of modulating water homeostasis in cells expressing aquaporin 4 water 
15 channels by treating them with an effective amount of a candidate compound 

classed as an inhibitor (thus blocking water movement) or as an enhancer (thus 
stimulating water movement) according to the method of claim 9. 

13. A method according to claim 12 wherein the water currents into astrocytes are 
20 blocked by treating said astrocytes with an effective blocking amount of an 

inhibitor. 



10 



14. A method of modulating water homeostasis in tissues or organs comprising cells 
expressing aquaporin 4 water channels by treating them with an effective amount 
of a candidate compound classed as an inhibitor or as an enhancer according to the 
method of claim 9. 
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Present claims 1-3 relate to a compound defined by reference to a 
desirable characteristic or property, namely, a "cytoskeleton modifying 
compound". 



The claims cover all compounds having this characteristic or property, 
whereas the application provides support within the meaning of Article 6 
PCT and/or disclosure within the meaning of Article 5 PCT for only a very 
limited number of such compounds. In the present case, the claims so lack 
support, and the application so lacks disclosure, that a meaningful 
search over the whole of the claimed scope is impossible. Independent of 
the above reasoning, the claims also lack clarity (Article 6 PCT). An 
attempt is made to define the compound by reference to a result to be 
achieved. Again, this lack of clarity in the present case is such as to 
render a meaningful search over the whole of the claimed scope 
impossible. Consequently, the search has been carried out for those parts 
of the claims which appear to be clear, supported and disclosed, namely 
those parts relating to the compounds mentioned in claim 4. 
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claims, relating to inventions in respect of which no international 
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is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. Claims: 1-4 

Medicaments containing "cytoskeleton modifying compounds" 
and their use related to the treatment and prevention of 
"water shifts, edema formation (vasogenic or cytotoxic) and 
intracranial pressure rise". 



2. Claims: 9-14 

A method for screening compounds which are modulators of the 
swelling of cells expressing aquaporin 4 water channels and 
the administration of a candidate compound, which has been 
classed as an inhibitor or an enhancer according to said 
method to cells expressing aquaporin 4 water channels. 



